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CHAPTER I 
Ti33 PROBLEM AND DEFINITIONS OF TERMS USED 
Within the l a s t  two decades, the  use of radioact ive  
t r a c e r  atoms has become a very common and useful  too l  i n  
anaiyzing chemical compounds and t h e i r  various react ions.  
The technique of "tagging" a r eac t an t  and observing i t s  
progress and locat ion throughout a  react ion has enabled 
s c i e n t i s t s  t o  obtain a more thorough understanding of cer- 
t a i n  molecular s t ruc tu re s  and react ions.  Many react ions ,  
which had been previously assumed t o  be r e l a t i v e l y  simple 
one-step problems, a re  now, because of radio- t racer  data ,  
understood t o  be much more com~lex.  
The science of chemistry i s  s t i l l  very much i n  the  
data  col lec t ing stage of i t s  evolution, fo r  there  are many 
elements about which mch  i s  s t i l l  not known. Many chem- 
is ts  a re  studying l i t t l e - h o r n  compounds, espec ia l ly  of the 
more r a r e  elements, i n  an e f f o r t  t o  derive fu r ther  howledge 
about these elements. 
Considerable research has been done on the  chemistry 
of rhenium since i t s  discovery by the  Boddacks i n  1925.l 
l1. Noddeck and W. Noddsck, Das Rhenium (Lelpzig: 
Voss, Inc., 19331, p .  4. 
2 
However, the re  i s  s t i l l  information t o  be gained, pa r t i c -  
u l a r l y  about the nature of the rhenium complex ions. 
I. THE PROBLEM 
Statement of the  problem. The purpose of t h i s  
experiment i s  t o  study the  comnound potassium hexa- 
chlororhenate (K ReCl ) i n  an exchange react ion a s  follows: 2 6 
(1) t o  determine if the  reac t ion  
- 
~ 1 3 ~ -  + ReC16 ----+D ReCl C 1  36' + ~ 1 -  5 
does or  does not occur, and (2 )  i f  an exchange does take 
p lace  due t o  ion iza t ion ,  then fu r the r  experimentation could 
be performed t o  determine the  mechanism of t h i s  exchange. 
In  both instances the  radioact ive  t r ace r  technique can be 
used t o  make these determinations. Hydrochloric ac id ,  
s ince  i t  i s  a strong acid--that i s  it w i l l  Ionize a l aos t  
completely i n  an aqueous solution--can be used a s  t he  
common ion t r ace r  agent,  wlth chlorine-36 a s  the  tagged 
atom i n  the acid. 
J u s t i f l c a t i o q  of the problem. !hrsam: i n  h i s  work 
w i t h  perrhenate,  observed t h a t  there  was an exchange of 
oxygen atoms between perrhenate and water i n  the  pH range 
IR. K. Murmann, "The Rate of Oxygen Exchange between 
- and H 0," Journal  of Inorganic Nuclear Chernistrv 
I (10613, 226. 
3 
2.2 t o  6.2. He found t h a t  t h e  r a t e  of exchange inc reased  
r a p i d l y  wi th  i nc reas ing  a c i d i t y .  
It i s  w e l l  known t h a t  c h l o r i n e  exchanges do t ake  
p l s c e  i n  compounds of t r a n s i t i o n  e lements ,  so  a s ea rch  of 
t h e  l i t e r a t u r e  ( s ee  nex t  c h a p t e r )  was made t o  determine 
i f  a c h l o r i n e  exchange had been shown t o  occur f o r  t h e  
hexachlororhena te  ion.  Pre l iminary  work done by J .  D. 
~ o o d s l  a t  Oak Ridge Nat iona l  Labora to r i e s  (1961) i nd i ca t ed  
t h a t  some type of exchange might have taken  p l a c e ,  bu t  no 
thorough a n a l y s i s  was made beyond t h a t  p o i n t .  Jezowska- 
Trzebiatowska,  Nawoj ska ,  and wajda2 had s tud ied  t h i s  same 
r e a c t i o n  i n  Warsaw, Poland i n  1959 and found no exchange. 
Numerous exper iments  have shown t h a t  t h e  c h l o r i n e -  
rhenium (IV) does  undergo s u b s t i t u t i o n ,  bu t  ve ry  slowly.  
-2 Noddack and ~ o d d a c k ~  have shown t h e  ReC16 , will undergo 
a t  l e a s t  p a r t i a l  h y d r o l y s i s  t o  PeOHCIS -2 and ?e (OH)2C1b -2 , 
' s tatement nade by Joe  D. Woods, Assoc ia te  P ro fe s so r  
of Chemistry a t  Drake Un ive r s i t y ,  i n  a pe r sona l  in te rv iew.  
2 ~ .  Jezowska-Trzebiatovska, J .  Nawoj ska and S. Wajda, 
"A Study of Fad ioch lo r ine  Exchange by Eexachlororhenate  
(IV)," B u l l e t i n  de L'Acadenie Folona ise  des Sciences  B. 
111, V ,  0 .  1-1 ( F 5 7 1 ,  1ct l -1084.  
-
3 ~ d a  Noddack and Walter Aoddack, " S a u e r s t ~ f f - - u n d  
Helogenverbindungen des  Rheniums," Z e i t s c h r i f t  f u r  
a n o r ~ a n i s h e  u d  Allnemeine Chemie, C C X I V  ( 1 ~ 3 3 ) ,  161. 
-2 
and t h a t  t h e s e  complexes reconver ted  t o  ReCl when placed 6 
i n  hydroch lo r i c  a c i d .  Due t o  t h e s e  seemingly c o n t r a d i c t o r y  
r e s u l t s ,  t h e  experiment was performed. 
11. DEFINITIONS OF TERMS USED 
Background. Background i s  t h e  r a d i o a c t i v i t y  p r e s e n t  
i n  t h e  atmosphere and from which no o b j e c t  can escape.  
Beta e article. A l a r g e  number of r a d i o a c t i v e  atoms 
produce be t a  r a y s  ( b e t a  p a r t i c l e s )  upon d i s i n t e g r a t i o n .  A 
b e t a  r a y  c o n s i s t s  of e i t h e r  a  p o s i t r o n  o r  an e l e c t r o n  
produced by nuc lea r  t r ans fo rma t ions  w i t h i n  t h e  decaying 
atom. Beta r a y s  can va ry  app rec i ab ly  i n  e n e r g i e s ,  ranging 
from a  few thousand e l e c t r o n  v o l t s  t o  s e v e r a l  m i l l i o n  
e l e c t r o n  v o l t s .  The v e l o c i t y  and p e n e t r a t i n g  power of a 
b e t a  r a y  depends d i r e c t l y  on i t s  energy. 
Chlorine-%. The element c h l o r i n e  c o n t a i n s  17 
p ro tons  i n  i t s  nuc leus ,  bu t  t h e  r a d i o a c t i v e  i s o t o p e  ch lo r ine -  
36 has  i n  a $ d i t i o n ,  19  neu t rons  i n  i t s  nuc leus .  Th i s  i s o t o p e  
i s  produced by bornbarding t h e  ch lor ine-35  atom wi th  a "slow 
neutron" which remains i n  t h e  nucleus .  S ince  atoms of 
molecular  number or  twenty o r  l e s s  a r e  a o s t  s t a b l e  when 
t h e i r  neu t ron-pro ton  r a t i o  i s  u n i t y ,  chlor ine-36 e a i t s  a 
b e t a  r a y  t o  decay t o  t h e  much more s t a b l e  argon-36. The 
5 
chlorine-36 atom emits a  beta p a r t i c l e  which has an energy 
of .66 mil l ion e lec t ron v o l t s  and has a h a l f - l i f e  of 3 x 10 5 
years.  
Counts minute. The term caunts per minute s h a l l  
be used t o  mean the  observed counting r a t e  of d is in tegra-  
t i o n s  per minute. The r a t e  i s  d i r e c t l y  proport ional  t o  the  
number of radionuclides present.  This i s  the  apparent 
a c t i v i t y  as  compared t o  the  s p e c i f i c  a c t i v i t y  (see below), 
Exchan~e react ion.  Exchange react ion i s  a  process i n  
which atoms of a given element interchange between two or 
more d i f f e r e n t  compounds containing t h a t  element. 
Gas-flow detec tor .  Gas-flow detec tor  i s  a Gelger- 
-
s e l l e r  counter whose ionizat ion chanber i s  continuously 
being replenished wlth gas. The molecules of t h i s  gas a r e  
ionized when s t ruck by rad io-par t i c les .  The ionized mole- 
cules  come i n t o  contact  with an e lec t rode where i t  i s  
neutra l ized and produces an e l e c t r i c a l  pulse i n  a  c i r c u i t .  
A countine: c i rcu i t  contains meters which measure the  pulses 
and thus the rad ioac t iv i ty .  
Half - l i fe .  The h a l f - l i f e  of any radionuclide i s  the 
time necessary f o r  the a c t i v i t y  of the atom t o  decrease by 
50 per cent.  
Rhenium. Rhenium i s  t r a n s i t i o n  element number 
seventy-five and th i rd  member of the manganese family. 
I t s  na tu ra l  occurring isotopes a r e  185 and 187 (beta 
e m i t t e r ) ,  i t s  dens i ty  20.9 g/cc, melting point 3137 cO, 
ion iza t ion  po t en t i a l  ( f i rs t  e lec t ron)  7.87 vo l t s ,  covalent 
0 
r ad ius  1.278 A ,  and i t s  oxidation s t a t e s  being 7, 4, 6 ,  5, 
2,  3, 1, and -1. 
Self-absorption. Self-absorption i s  a r a the r  s e l f -  
- 
explanatory word which means the  absorption of radioact ive  
p a r t i c l e s  from a sample by the overlying l aye r s  of mater ia l  
of t h a t  sample. Self-absorption i s  p a r t i c u l a r l y  s ign i f i can t  
i~ alpha and beta analyses s ince  t h e i r  range i n  an absorbing 
medium i s  low. 
S ~ e c i f i c  ac t i v i t y .  Speci f ic  a c t i v i t y  i s  t he  amun t  
of r ad ioac t i v i t y  per mi l l igran of sample. 
T a ~ ~ e d .  A molecule which possesses a radioact ive  
atom i s  said t o  be a  "tasged" ~ o l e c u l e .  The radioact ive  
atom i s  cal led a t r ace r  atoa.  I n  t h i s  work it i s  indicated 
by an asterisk. 
A SEAECH OF THE LITERkTUlHE 
The general  equation f o r  an exchange reac t ion  may be 
w r i t t e n  a s  follows: 
1 McKay has shown i~ h i s  de r iva t ion  of the  f i r s t - o r d e r  r a t e  
law of exchange, t h a t  the  r a t e  of disappearance of the  
r a d i o a c t i v e  i so tope  from the  labeled r e a c t a n t  t o  the  
2 
unlabeled r e a c t a n t  can be determined. G .  Me H a r r i s  l a t e r  
showed t h a t  t h i s  r a t e  law w i l l  be appl icable  i r r e s p e c t i v e  
of t h e  r e a c t a n t  concentrat ions,  o r  the  concentrat ion of 
t h e  l abe l ing  isotope.  The law w i l l  a l s o  hold t r u e  regard- 
l e s s  of t h e  a c t u a l  mechanism of t h e  exchange, t h e  ~ m b e r  
of exchangeable groups and d i f fe rences  i n  i s o t o p i c  reac-  
t i o n  r a t e s  nroviding t r a c e r  aaounts a r e  used. 
Determinations of r a t e s  and aechanisxs of exchange 
of t r a n s i t i o n a l  elements using the t r a c e r  technique can be 
c lassed  i n  one of two groups: (1) those using the  metal 
IH. A. C. YcKay, "Kinet ics  of Exchange React ions,"  
Nature, CXXXXII (December 3, 19381, 097. 
*G. H. Harr i s ,  "Kinet ics  of I so top ic  Exchange Reac- 
t i o n s  , I 1  Transact ions of t h e  Faraday Society,  AVCYXTII ( 1 ~ 5 1 ) ,  
716. 
a s  t h e  tagged atom, and (2) those using the  tagged l igand. 
The l a t t e r  procedure has a  number of advantages which make 
i t  the  prefer red  method. F i r s t ,  t h e  p r o b a b i l i t y  of observ- 
ing an exchange i s  considerably l e s s  using a  tagged metal 
a s  compared t o  i t s  corresponding l igand exchange s i n c e  sev- 
1 
e r a 1  bonds must be broken. Taube has shown t h a t  it i s  
p o s s i b l e  t o  have a  measurable l igand exchange while i t s  
metal  counterpar t  w i l l  be immeasurably slow. 
 on^' has observed d i f f i c u l t i e s  i n  separa t ion  of 
metal  exchanges. Often p r e c i p i t a t i o n  occurs with the  
add i t ion  of another metal a s  i n  h i s  experiment with N i  +2* 
and N~(cN)I;'. L i t t l e  more can be done with t h e  d a t a  from 
such experiments than t o  compare the  r a t e  of the  exchange 
wi th  t h a t  of t h e  r a t e  of the  p r e c i p i t a t i o n  of t h e  s a l t .  
Thirdly,  i n  metal exchanges, of tent imes s e v e r a l  
in termedia te  comnlexes a r e  formed making it d i f f i c u l t  t o  
i n t e r p r e t  the  d a t a  co l lec ted .  Wolfgang and Dodson 3 
l ~ e n r ~  Taube, "Rate and gechanic of S u b s t i t u t i o n  i n  
Inorganic  Complexes i n  S o l ~ t i o n , ~ '  Chemical Reviews, L 
(June, 19521, 77. 
"F. A. Long, llExchange Reactions of Tetracyano- 
n i c k e l a t e  Ion: The S t ruc tu re  of Nickle Cyan1de,l1 Journal  
of the  American Chemical Societg,  L X X I I I  (February, lFl), 
537. 
3 ~ l c h a r d  L. Wolfgang and Richard W. Dodson, "Kinet ics  
of Exchange and Disproportionation Reactions i n  Yercuric 
Cyanide Solu t ions  Journa of the  American Chemical 
Soc ie ty ,  LvI ( ~ ~ T i . 1  4)7*s. 
9 
encountered t h i s  d i f  f i c u l t y  using ~ g + ~ *  and H ~ c N + ~ .  
One of t h e  e a r l i e s t  k i n e t i c  i s o t o p i c  exchange 
s t u d i e s  was performed by Duffield and ~ a 1 v i n . l  In  working 
with copper c h e l a t e  compounds i n  pyr id ine  s o l u t i o n  they  
found t h a t  the  r a t e  was dependent on t h e  r e c i p r o c a l  of t h e  
r e a c t a n t  concent ra t ions ,  and the re fo re  followed a  second- 
order  law. It would seem h igh ly  l i k e l y  t h a t  t h e  copper 
c h e l a t e  complex becomes s u b s t a n t i a l l y  modified on s o l u t i o n  
i n  pyr id ine  such t h a t  a  complex with one or two cogrdinated i 
I 
pyr id ine  l igands  a r e  formed. The r e s u l t a n t  complex might 1 I 
i be more l a b i l e  t o  s u b s t i t u t i o n .  If such a  process  were I 
opera t ive ,  t h e  observed l a b i l i t y  would be t h a t  of t h e  i n t e r -  
i 
I 
! 
mediate solvated complex r a t h e r  than t h a t  of t h e  parent  
L 
3 complex.2 West suggests ,  from h i s  s t u d i e s  of c o b a l t  I 
c o m ~ l e x e s  of s u b s t i t u t e d  sa l icy la ldehyde  b lden ta tes  with 
c o b a l t  a c e t a t e  i n  water ,  t h a t  t h i s  sane mechanism p r e v a i l s  
i n  t h a t  r eac t ion .  
'R. B. Duff ield and . Calvin. "The S t a b i l i t y  of 
Chelate  Compounds. 111. Exchange ~ e a c t i o n s  of copper Chelate 
Compounds, Journa of the American Chemical Society,  
L X ~ ~ I I I  ( A m i d )  , 557. 
2 ~ .  R. Stranks and R. G .  Wilkins, " I so top ic  Tracers  
i n  I n o r ~ a n i c  Chemistry," Chemical Reviews, L V I I  (October, 
19571, 785. 
3 ~ .  0. West, l tStudies  on Bond Type i n  Cer ta in  Cobalt 
Complex Compounds P a r t  I V .  The Exchange Reactions of Quad- 
r i d e n t a t e  C o r n p l e x e ~ , ~ ~  Journal  of t h e  Chemical Soc ie ty  of 
London (1956), 3~5-400. 
10 
Ligand exchange s t u d i e s  have g r e a t l y  increased i n  
number, a s  compared t o  t h e  metal exchanges, with t h e  square 
complexes of P t ( I 1 )  and Au(II1) of s p e c i a l  importance. 
Grinberg and ~ i k o l s k a ~ a '  have made a d e t a i l e d  k i n e t i c  s tudy 
of t h e  ( ~ t ~ r ~ ) - ~  and ~ r - l *  system which revealed t h a t  t h e  
r a t e  i s  approximately f i rs t  order  i n  complex concent ra t ion  
but  independent of t h e  bromine-ion concentrat ion.  This 
makes it c o n s i s t e n t  with both t h e  Snl  and Sn2 aqueous solu- 
t i o n  mechanisms. However, when t h e  K PtBr was allowed t o  2 4 
ffageff  i n  aqueous s o l u t i o n  before being mixed with t h e  
labe led  potassium bromide s o l u t i o n ,  t h e  exchange r a t e  
increased with the  "agen of t h e  so lu t ione2  This  "agingff 
r e p r e s e n t s  t h e  gradual  establ ishment  of t h e  equi l ibr ium 
concent ra t ion  of t h e  intermediate  aquo complex; nechanism 
Sn2 i s  the re fo re  favored. 3 
4 Grantham, Elleman, and Martin found t h e  same 
r e s u l t s  i n  t h e  ~ t ~ 1 ~ - ~  and ~ l - l *  exchange. In  both cases  
l ~ t r a n k s  and Wilkins, op. c i t . ,  p. 788; and A. A. 
Grinberg and L. E. Nikolskaya, Zhur. Pr ik lad .  K h i m ,  
XXIV (1951 1 , 893. 
2 ~ b i d .  3 ~ b i d .  
4 LeRoy F. Grantham, Thonas X. Elleman, and Don S. 
Martin, IfExchange of Chlorine i r t  Aqueous Systens Containing 
Chloride and Te t rach lo rop la t ina te  11," Journal  of Ameri- 
CJXJ Chemical Socie ty ,  LXXVII (June, 195-: 
t h e  s t r e n e t h  of t h e  ~ l a t i n u m - h a l i d e  bond i n  t h e  in termedia te  
aqu.0-complex i s  determined. This  cannot be done f o r  t h e  
r e a c t i n g  platinum h a l i d e  s ince  t h e  r a t e  cons tant  i n  t h a t  
i n s t a n c e  i s  t h a t  of t h e  aquation process .  
I n  most l igand r e a c t i o n s  it i s  found t h a t  t h e  
mechanism i s  seldom a d i r e c t  l igand exchange, but r a t h e r  
t h e  first s t e p  i s  t h a t  of aquation. This  i s  e s p e c i a l l y  
t r u e  i n  complexes of cogrdinat ion s i x .  Ruttenberg and 
1 Taube demonstrated t h i s  i n  t h e i r  r e a c t i o n  of 
Co (NH3) 5H20 +++ and ~1-l .  Their observa t ions  indica ted  
t h a t  t h e  Sn2 mechanism (shown below) predominated over t h e  
Sn l  . 
Rich and ~ a u b e ~ r 3  have l ade  observat ions  of exchange 
-1* 
r a t e  d i f f e r e n c e s  due t o  c a t a l y s t s  i n  AuC14 and PtC16 -1 
1 ~ .  C. Ruttenberg and Henry Taube, ''The Exchange of 
Water between Co(NH3) 5H20 '++ and so lven t  ,*I' Journa l  of 
Chemical Physics ,  XX (May, 19521, 825. 
' ~ o n a l d  L. Rich and Henry Taube, "Induced Exchange 
of C1-  and AuC14-. Evidence f o r  AU (11) ," Journal  f Physical  
Chemistry, L V I I I  (January,  10541, 6. 
3 ~ o n e l d  L. Rich and Henr Taube, "Ca ta lys i s  by ~t(111) 
of Exchange Reactions of PtcI4-g and PtCl6-2,I1 Journal  of the 
American Chemical Society,  LXXVI (:-fay 20, lo%), 2 6 ~ 5 .  
-1* c h l o r i n e  r e a c t i o n s  ~ e + *  enhances t h e  AuC14 r e a c t i o n ,  
while ~ r + ~  has  an opnosi te  e f f e c t  on t h e  PtC16 exchange. 
They have pos tu la ted  t h a t  these  v a r i a t i o n s  i n  r a t e  a r e  due 
t o  unusual oxida t ion  s t a t e s  i n  the i n t e r n e d i a t e  s t e p s  of 
t h e  mechanisms, thus  making t h e  c e n t r a l  atom much more 
s u s c e p t i b l e  t o  exchange. ptc16-l  and ~ 1 - l ~  i s  extremely 
pho tosens i t ive ,  and thus  Ir idium i s  added t o  t h e  r e a c t i o n  
s o l u t i o n  t o  produce a  measurable r a t e .  
Com~lexes i n  t h e  V I I B  group have shown exchanges i n  
t h e  complexes of coBrdlnation number s i x .  Weinland and 
Lauenstein a s  e a r l y  a s  1899 showed t h a t  a  s o l u t i o n  of t h e  
compound K2MnF6 i n  water hydrolyzes slowly; even i n  t h e  
presence of hydroxide or  carbonate ions ,  the  r e a c t i o n  t akes  
p lace  a t  a  aeasurable  r a t e .  1 
-2 As s t a t e d  previously on pages 3 and 4 ,  F.eC16 i s  
-2 known t o  hydrolyze t o  Re(OH)2C14 , and then reconver t  t o  
-2 2  ReC16 when placed I n  HC1.  )faun and Davidson have 
denonstrated t h a t  the  nethod of n reparation has a g r e a t  
-2 in f luence  on the  p roper t i e s  of ReC16 i n  hydrochloric  ac id .  
l ~ a u b e ,  OJ. G., p.  1 C 5 ;  and R.  F. Weinland and 0. 
Laurensteln,  " t b e r  Fluormanganite," Z e i t s c h r i f t  fh anor- 
ganishe  a l l ~ e m e i n e  Cheaie, .Q (If cO), 40. 
*IIugene K. Maun and Norman Davidson, " Inves t iga t ions  
i n  t h e  Chemistry of Rhenium. I. Oxidation S t a t e s  I V ,  P, and 
of the  American Chemical Socie ty ,  WMII (Yay, V I I , I 1  J o u r y l  --
lQ50), 22'. 
Rhenium complexes have been shown t o  exchange i n  
s e v e r a l  i n s t ances .  i*hrmannl observed t h a t  Re%- and H20 
w i l l  undergo a  r ap id  oxygen exchange i n  a c i d i c  condi t ions .  
18 H e  mixed f i n e l y  powdered ~ a ~ e % *  ( a s t e r i s k  denotes  0 ) with  
shaking t o  10.0 r n l  of H 0 s l i g h t l y  a c i d i f i e d  wi th  HNO a t  2 3 
0' C. Samples were withdrawn a t  i n t e r v a l s  and added t o  211 
AgN03 s o l u t i o n s  a t  0' C. The p r e c i p i t a t e  (AgReOb) was 
c o l l e c t e d ,  washed two t imes with  water ,  t h r e e  t imes with  
methanol, and d r i ed  under vacuum. The p r e c i p i t a t e  was 
0 
then decomposed a t  1 0 0 0 ~  C t o  R e  0  Ag , 02 and lower 2 7 '  
oxides  of Re. The O2 was p u r i f i e d  by f r e e z i n g  wi th  
&OH-C02 mixture and t h e  o ~ ~ / o ~ ~  r a t i  determined wi th  an 
i s o t o p e - r a t i o  mass spectrometer and compared wi th  normal O2 
prepared by t h e  thermal decomposition of SaO2. The i s o t o p i c  
c o ~ p o s i t l o n  of water was determined by e q u i l i b r a t i n g  with  a  
smal l  amount of NaRe04 a f t e r  t h e  a d d i t i o n  of a  t r a c e  of acid  
followed by conversion of Reqt t o  02. I n  comparing t h e  
018/016 r a t i o  of t h e  oxygen from t h e  p r e c i p i t a t e  t o  t h e  
* 
oxygen i n  t h e  o r i g i n a l  NaReOq , it was found t h a t  t h e  
p r e c i p i t a t e  r a t i o  was much lower. Th i s  i n d i c a t e s  exchange, 
f o r  t h e  p r e c i p i t a t e  r a t i o  was s t i l l  apprec iab ly  h ighe r  than 
t h e  BaOa r a t i o .  Likewise, the  water r a t i o  proved t o  be much 
higher  than the  Ba02, thus ind ica t ing  t h a t  it obtained 
018 when t h e  N ~ R ~ o ~ *  was i n  so lu t ion .  
%rmannl a l s o  noted t h a t  t he r e  was an oxygen exchange 
between cRe (en) 2027 + and H20 Using be (en)202] C 1  evacuated 
i n  a Urey tube,  he added H ~ O *  through t he  stopcock while 
f reez ing.  T h i s  mixture was allowed t o  warm t o  about 5' C. 
u n t i l  so lu t ion  and mixing were complete. About .2g of H20 
was d i s t i l l e d  off  and co l l ec ted .  A second sample was taken 
an hour l a t e r .  The samples were equ i l ib ra ted  with a known 
amount of C02 and the  Isotopic  composition of t he  C02 
measured. Although r ea l i z ing  t h a t  the  experimental e r r o r  
was h igh,  Yurrnmn concludes t h a t  t he  values a r e  i n  c lo se r  
agreement with slow exchange. 
Although many exchange r eac t i ons  have been p e r f o n e d ,  
t he r e  Is s t i l l  a g r ea t  dea l  of da t a  t o  be co l l e c t ed ,  
e s p e c i a l l y  on t he  more rare e leaen t s  such a s  rhenium. So, 
w i t h  t h e  l i t e r a t u r e  background i n  t h i s  chapter  i n  a ind ,  t he  
research  on the  exchange of H C ~ ~ ~  and I(2ReCI6 was ca r r i ed  
out  . 
'1bldrn prn 232. 
CHAPTER 111 
EXPERIXENTAL TECHNIQUE 
It was proposed t o  determine i f  the re  i s  an exchange 
of chlor ine  ions  i f  a hexachlororhenate compound i s  placed 
i n  a hydrochloric acid solut ion.  It was f u r t h e r  proposed 
t h a t  if such an exchange a c t u a l l y  does take p lace ,  t h e  r a t e  
of exchange would be determined by allowing t h e  hexa- 
chlororhenate t o  remain i n  so lu t ion  f o r  varying lengths  
of time. Finally, i n s igh t  i n t o  the  mechanism of t h e  reac- 
tion might be obtained by allowing the  exchange t o  take 
p lace  f o r  a convenient time l i m i t  and keeping a l l  ions  
except t he  H-ion a t  a constant concentration. The d iagraas  
below I l l u s t r a t e  two poss ib le  mechanisms for an exchange 
r eac t i on  t o  occur: 
I n  case  (1) n tagaed chlor ine  ion,  through sore  ac t iva ted  
complex, r e r l a c e s  another chlor ine  d i r e c t l y .  In  case (2), 
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i on i za t i on  f i rs t  occurs followed by a  r eac t ion  of t he  posi-  
t i v e  ion with a  tagged chlorine-ion from solu t ion .  If a 
dependency of r eac t ion  r a t e  on pH values was found, one 
might expect competition between c l - l *  and hydroxide ions  
i n  reac t ing  with t he  pos i t ive  complex ion. 
I. PHELIldINARY WORK 
Materials  a ~ ~ a r a t u s .  The mater ia ls  used i n  
experimentation consis ted pr imar i ly  of p ipe t t e s ,  beakers, 
g l a s s  s in te red  f i l t e r s ,  a  four-place a n a l y t i c a l  balance, 
and planchets .  The only apparatus which needed prel iminary 
c a l i b r a t i o n  was the  gas flow de tec to r .  The instrument used 
was Nuclear-Chicago's model D-47 gas flow ~ e i g e r - M l l e r  
counter .  
Radioactive counting techniaue. Although the  counter 
can be used a s  a p ro ror t iona l  windowless counter a s  wel l  a s  
a  Geiger counter,  a number of preliminary saaples  were counted 
by both methods, and the proport ional  arrangenent showed no 
g r ea t e r  counting e f f i c i ency .  The ac tua l  e f f i c i ency  of the  
counter was deternined by taking several  f i f t e e n  minute counts 
of a known 10,000 counts per minute carbon-14 sample. It was 
determined t o  be 88 per  cent e f f i c i e n t .  
Because of the  s t r u c t u r a l  l im i t a t i ons  imposed by the  
r e s t r i c t i o n s  of the e l e c t r o s t a t i c  f i e l d s  i n  high-voltage 
coun te r s  and because of t h e  l i m i t a t i o n s  imposed by the  
e l e c t r o n i c s  t h a t  a r e  necessary t o  record counts  on a 
mechanical r e g i s t e r ,  t h e r e  i s  a  vo l tage  minimum below 
which most p ropor t iona l  and Geiger counters  w i l l  n o t  
operate. '  T h i s  minimum vol tage i s  ca l l ed  t h e  threshold  
v o l t a g e ,  and i t  v a r i e s  with the  type of instrument used. 
The f i r s t  s t e p  i n  t h e  determinat ion of t h e  opera t ing  
p o t e n t i a l  i s  t o  obta in  t h e  threshold.  Using aga in  t h e  
known Carbon-14 sample and tak ing  f i v e  minute counting 
p e r i o d s ,  t h e  vol tage  i s  slowly r a i s e d  u n t i l  t h i s  th reshold  
i s  reached. Once t h i s  po in t  i s  obtained,  t h e  counting r a t e  
w i l l  l e v e l  of f  with increasing vol tage.  This l e v e l  i n  t h e  
count ing r a t e  may l a s t  f o r  s eve ra l  hundred v o l t s  before  
another  abrupt  Increase i n  r a t e  i s  reached. A t  this ~ o i n t  
t h e  counter  i s  i n  a  " c o n t i n ~ o u s ~ ~  discharge.  The opera t ine  
p o t e n t i a l  chosen i s  located on t h i s  p l a t eau  about 100 v o l t s  
h ighe r  than threshold.  The advantage of using a p o t e n t i a l  
on t h e  p l a t eau  i s  t h a t  t h e  s e n s i t i v i t y  of t h e  counter  i s  
n o t  e r e a t l y  a f f ec t ed  bv small  changes i n  t h e  high vol tage.  
F igure  1 shows t h e  p la teau  curve deterained f o r  t h i s  
r e sea rch .  Froa t h i s  curve,  1200 v o l t s  was s e l e c t e d  a s  the  
o ~ e r a t i n g  p o t e n t i a l  t o  be used i n  t h e  r e m i n d e r  of t h e  
procedures.  
'RalDh T. Overman and Herbert  M. Clark,  R e d i o i s o t o ~ e  
Techniaues (New York: !tcGraw-Hill Book Company, Inc.,  l o - C ) ,  
p .  51. 
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P o t e n t i a l  i n  v o l t s  
Figure 1. Operating p o t e n t i a l .  
P r e ~ a r a t i o n  of chemicals as reapents. Two stock 
s o l u t i o n s  were prepared t o  be used i n  sample analysis and 
t h e  c o l l e c t i o n  of da ta .  The f i r s t  was K2ReC16, prepared 
by t h e  procedure out l ined i n  Volume I of Inorganic S ~ J -  
thes is . '  One and one-half grams of commercial 5ReO4 
was mixed with 3 grams of K I  powder. The mixture was placed 
i n  a covered beaker and heated wi th  50 milliliters of H C 1  
u n t i l  most of t h e  iodine was condensed on the cover. The 
s o l u t i o n  was then heated f o r  an add i t iona l  30 minutes just 
below t h e  bo i l ing  poin t  and with the  beaker cover removed. 
F i n a l l y  t h e  s o l u t i o n  was allowed t o  evaporate t o  dryness. 
The res idue  was dissolved i n  30 m l  of 10 per c e ~ t  
PC1 and aqain heatee t o  j u s t  below the  boiling p o i n t  for 
1C minutes. The so lu t ion  was ther  cooled i n  an ice bath 
f o r  6 hours ,  and t h e  brownish-yellow precipitate filtered 
and washed with cold 10 Per cent  9 C 1  on a sintered-glass 
f i l t e r .  
This impure product was digested i n  ICO a1 of EC1 
( S p .  C r .  1 .2)  u n t i l  t he  so lu t ion  was a bright green color. 
T h i s  so lu t ion  was then evaporated t o  25 ml and cooled 
lL. F. Audrieth,  J. C. F a i l a r ,  Jr.,  I./. C.  Fernellus, 
l.G. C .  Johnson, end R.  E. K i r k ,  Inorganic Smthesis (~ew 
York: :'&raw-Hi17 Book CoyXmy, I ~ c .  , l0=76. 
(Subqlt ted by I.oren C.  Hurd and Victor A. ~einders.) 
slowly t o  20' C. F i n a l l y  it was cooled i n  an ice b a t h ,  
f i l t e r e d  and washed with 5 rnl portions of cold 10 per cen t  
H C 1 ,  e t h y l  a lcohol ,  and diethyl ether. The equation for 
t h e  r e a c t i o n  i s  a s  follows: 
2TReO4 + 16HCl + 6KI ---- 2i: ReCl t 4 ~ ~ 1  + 8H20 + 312 
2 6 
The second s tock solution prepared was t h a t  of 
Nitron a c e t a t e ,  which was used as a precipitant. This 
1 
s o l u t i o n  was used by Geilmann and Voigt  i n  their work with 
t h e  perrhenate  ion ( ~ e 0 ~ - l ) .  E i g h t  grams of nitron 
(C20E16F)+) was dissolved i n  3 rnl of g l a c i a l  acetic acid. 
This was then d i l u t e d  t o  100 rnl with distilled water. A 
few sample analyses  showed this solution t o  be quantita- 
t i v e l  y acceptable  a s  a  precipitant of t h e  hexachlororhenate 
Ion. 
I I . EXPERINEGTAL FS0CEDliF.E 
The exper inents  were then carried o u t  ir. the  following 
Tanner. 
1. The K ReCl saaples  were weighed out i n  a 50 m i l l i -  2 6 
l i t e r  beaker t o  the tenth of a nilligrarn. The 
weighing was done by d i f fe rence ,  and the weights 
kept wi th in  e three  t o  f i v e  ailligran range i n  
most Instances.  
l ~ o n  W. Geilaann and A. Tolgt, "Die Eestinmng 
l g s l l c h e r  Perrhenate m i  t Hilfe von Nitron," Zeitschrift 
f i jr  a n o r ~ a n i s c h e  u a  al1,~erneine ~ h e n i e ,  CIXXUIII i l a j o ) ,  312. 
-
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2.  One milliliter of hydrochloric acid was added t o  
the beaker, and the  aixture allowed t o  stand 
u n t i l  the entire sample had d isso lved .  
3. To this solution one hundred lambda of r a d i o a c t i v e  
chlorine was added. The chlorine-36 was i n  a 
solution as potassium chlor ide,  and had been 
calibrated for i t s  act ivi ty .  It was a s s u ~ e d  
t h a t  t he  a d d i t i o n  of the common potassium ion 
to t h e  reacting solution would not  a f f e c t  any 
quantitative exchange which might take  lace. 
4. The exchange solution was then  heated s lowly t o  
80' C.  Geilnann and Voig t l  had used this s t e p  
i n  their experiaents, but a l s o  proved i t  t o  be 
unnecessary. Later sample a n a l y s i s  sup-ported 
their b e l i e f ,  and thus t h e  hea t ing  process  was 
eli~inated .
5. After t he  reaction was allowed t o  stand f o r  a pre- 
determined l e n ~ t h  of t i n e ,  t h e  hexachlororhena te- 
nitron complex was precipi ta ted  fro^ solution 
with the nitron acetate so lu t ion .  During t h e  
precipitation the solution was cooled i n  an i c e  
bath .  This cooling was a l s o  l a t e r  e l i a i n a t e d  
 fro^ the procedure. 
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6 .  once prec ip i t a t i on  was complete, t he  s o l u t i o n  
was f i l t e r e d  on a  s i n t e r ed  g l a s s  f i l t e r .  
7. The p r e c i p i t a t e  was washed with two o n e - m i l ! - i l i t e r  
por t ions  of 10 per cen t  hydrochlor ic  ac id ,  a n d  
t h i s  followed by e thanol  and d i e t h y l  e t h e r  
washings of t he  same number and m a g n i t u d e .  T h e  
f i l t r a t e  and the washings were c a u g h t  i n  a t e n  
rn i l l . i l i t e r  volumetric f l a s k  and s a v e d  f o r  f u r t h e r  
ana ly s i s ,  
8. The p r e c i p i t a t e  was then dr ied under a one hundred 
watt  infra-red lanp f o r  f i f t e e n  minutes. This 
length of time proved t o  be s u f f i c i e n t  f o r  
thorough d r y i n g  . 
9. A planchet was weighed t o  t he  t en th  of a m i l l i g r a m .  
10. The p r e c i p i t a t e  was rernoved from t h e  f i l t e r  and 
placed on the  weighed planchet,  
11. The p r e c i p i t a t e  was placed i n  a  lead shielded gas- 
flow Geiger tube,  and the  r a d i o a c t i v i t y  c o u n t e d  
f o r  a  f i f  teen minute i n t e rva l .  
12. The planchet and p r e c i p i t a t e  were now w e i g h e d  
t o  v e r i f y  the  accuracy of the  q u a n t i t a t i v e  
technique. 
13. Next t he  f i l t r a t e  and washing were analyzed The 
so lu t ion  was neutral ized with sod ium b i c a r b o n a t e .  
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14. Enough d i s t i l l e d  water was added t o  br ing t h e  
volume of t en  m i l l i l i t e r s .  
15. One hundred lambda of t h e  neut ra l ized  s o l u t i o n  
was placed on a  planchet  and placed under the  
inf ra- red  lamp. It was allowed t o  evaporate 
t o  dryness.  
16. The e v a ~ o r a t e d  samnle was then placed i n  the  gas- 
flow chamber and counted. In  t h i s  way a l l  
beginning a c t i v i t y  can be taken i n t o  account. 
17. Two samples of potassium perrhenate were placed i n  
a  r ad ioac t ive  acid so lu t ion ,  and the  above pre- 
c i p i t a t i o n  procedures were r e ~ e a t e d .  This  was 
t o  determine the e f f i c i e n c y  of t h e  washing 
procedure i n  i t s  e f f o r t  t o  e l iminate  a l l  radio-  
a c t i v e  so lu t ion  which may have been adhering t o  
t h e  p r e c i p i t a t e .  
18. F i n a l l y ,  d a t a  f o r  an absorption curve hzd t o  be 
co l l ec ted  and a curve constructed t o  d e t e r ~ i n e  
i f  t he  c r y s t a l s  reaaining a f t e r  f i l t r a t e  evaFora- 
t i o n  were self-absorbing a c t i v i t y .  This was done 
by taking seve ra l  d i f f e r e n t  a l i q u o t s  of f i l t r a t e  
and countin? t h e i r  a c t i v i t y .  T h i s  a c t i v i t y  was 
then compared t o  t h e  s p e c i f i c  a c t i v i t y  of t h e  
samnle. An absorpt ion curve was a l s o  constructed 
f o r  t h e  p r e c i p i t a t e  and f o r  t h e  Chlorine-36 
a c t i v i t y  samples. 
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The da t a  col lec ted  i n  the  above-mentioned procedures, 
and any r e l a t i onsh ip s  or t rends a r e  discussed and analyzed 
by graphica l  and tabular  form i n  the succeeding chapters .  
CHAPTER IV 
COLLECTION AND ANALYSIS OF DATA 
P r e c i ~ i t a t i n ~  ~ r o c e d u r e .  I n  order  t o  v a l i d a t e  
t h e  method used t o  determine the  ch lo r ine  exchange from 
hydroch lo r i c  ac id  t o  potassium hexachlororhenate ,  an 
i n i t i a l  s e r i e s  of t e s t s  were conducted t o  determine t h e  
a n a l y t i c a l  p r e c i s i o n ,  r e p r o d u c i b i l i t y ,  and accuracy of 
t h e  p r e c i p i t a t i o n  used i n  t h e  c o l l e c t i o n  of t h e  d a t a  f o r  
t h i s  t h e s i s .  Severa l  r eagen t s  were considered a s  p o s s i b l e  
o r e c i p i t a n t s .  Wil lard  and smith1 have used te t rapheny-  
l a r s o n i u a  c h l o r i d e  t o  p r e c i p i t a t e  per rhena te ,  whi le  
Geilmenn and y o i p t Z  d i d  t he  sane with n i t r o n .  Another 
~ o s s i b i l l t v  i s  t r i oc ty l amine  hydrochlor ide d i s so lved  i n  
cyclohexane which ~ o ~ d ~  has  used t o  p r e c i p i t a t e  Y2ReC16. 
Two s e r i e s  of t e s t s  were run ,  w i th  f i v e  sanp le s  i n  
l ? o b a r t  H. Willard and George ::. Smith, "Tetra-  
phenylarsoniurn Chlor ide a s  an Ana ly t i ca l  Reagent ," Indus- 
t r i a l  F n ~ i n e e r i n n  Che3is t r~-Anals*ical  Ed i t ion ,  X I  ( lQ3") ,  305. 
' ~e i l rnenn  and Voigt ,  m. &- 
3 ~ .  I?. Boyd, IfTechnetium and Promethiua," Journal 
of Chemical Education,  EXTI (January,  105?>, 10. 
-
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each s e r i e s .  In the  f i r s t  s e t  of p rec ip i t a t ions ,  solu- 
t i o n s  of K2ReC16 and HC1 were prepared according t o  the  
procedure on pages 20 and 21. The samples of K ReC16 
2 
were placed i n  one m i l l i l i t e r  of 2M HC1 and allowed t o  
d i s so lve .  After the  samples were c o ~ p l e t e l y  i n  so lu t ion ,  
t he  so lu t ions  were heated t o  80° C. f o r  twenty minutes 
before 100 lambda of n i t ron  ace t a t e  was added. The solu- 
t i o n s  were allowed t o  cool slowly t o  about room tempera- 
t u r e ,  and then placed i n  an i c e  bath t o  cool it fu r the r .  
Af ter  p r ec ip i t a t i on  was complete, the p r ec ip i t a t e s  were 
f i l t e r e d  and washed wi th  more n i t r on  aceta te ,  10 per cent  
HC1 and e thy l  e the r .  After the washings the p r ec ip i t a t e s  
were d r i ed  under the hea t  lamp and weighed. 
In t h e  second s e t  of t e s t s ,  several  s t eps  i n  the  
above procedure were o ~ i t t e d  i n  an e f f o r t  t o  determine 
what procedures could be shortened. In  these t e s t s  th ree  
~ r o c e d u r e s  were eliminated : (1) heating the  so lu t ion  t o  
80° C. ,  ( 2 )  cooling the  solut ion f n  an i c e  bath,  and ( 3 )  
wash in^ the p r e c i p i t a t e  with more n i t ron  ace ta te .  The 
r e s u l t s  of these two pre l i a ina ry  t e s t s  a re  given i n  
Tables I and 11. 
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TABLE I 
AN ANALYTICAL EVALUATION OF NITRON 
ACETATE AS k PRECIPITANT 
Weight of Weight of Expected Weight Per Cent 
K2ReC16 P rec ip i t a t e  of P rec ip i t a t e  Difference 
From Table I I t  i s  evident t h a t  n i t r on  ace t a t e  w i l l  
p r e c i p i t a t e  the  hexachlororhenate complex ana ly t i c a l l y .  
The margin of e r r o r  i n  weight l o s s  i s  l e s s  than 7.1 per 
c en t ,  o r  .k mg i n  every case. Since the  e r r o r  i n  r a d i a t i o n  
counting i s  5 t o  10 per cen t  i t s e l f ,  t h i s  weight l o s s  i s  
within t h e  expected experimental accuracy. 
TABLE I1 
AY ANALYTICAL EVALUATIOK CF F!ITRON 
ACETATE A S  A FF.ECIPITANT* 
Weight of Weight of Expected 'deight Per Cent 
K XeC16 P rec ip i t a t e  of P rec ip i t a t e  Difference 
-0052 q .COE2 -0086 4-7 
.OC46 . ~ 0 7 4  .0076 2 7 
-0033 .@052 .PO55 5 - 5  
.0061 . Q06 5 6.2 
1 , 0 0  0 
*using the  abbreviated procedure 
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The r e s u l t s  i n  Table 11, while adding more support 
t o  t h e  accep t ab i l i t y  of n i t r on  ace t a t e  a s  a  p r ec ip i t an t ,  
a l s o  goes one s tep  fu r the r .  Table I1 shows t h a t  omitting 
t he  t h r ee  procedures l i s t e d  above does not a f f e c t  t he  
p rec i s ion  and accuracy of p rec ip i t a t ion .  In f a c t ,  t he  
magnitude of e r r o r  i s  l e s s  i n  the  second t e s t s  than i n  t he  
f i r s t ,  f o r  only one of the  f i v e  samples i n  Table I has l e s s  
than a 5 per cent  d i f ference;  while i n  Table 11, th ree  of 
the  samples have l e s s  than 5 per cent  differences.  This  
1 confirms Geilmann and Voigt 's  work, f o r  they found t h a t  
e l iminat ing  t he  heating process d i d  not a f f e c t  the  
p r ec ip i t a t i on .  These th ree  s t eps  were omitted during the  
remainder of the  experiment. 
T a ~ n l n n  procedure. With t h i s  pa r t  of the  preliminary 
work coapleted, the  next s e r i e s  of measure~ents  were made t o  
de te rn ine  the amount of radioact ive  chlor ine  necessary f o r  
t a ~ g i n g  the  hydrochloric acid solu t ion  t o  be used i n  the  
exchange experiments. The chlorine t o  be used was obtained 
f r o n  t h e  Atomic Corporation i n  Panoraaa City,  Cal i fornia .  
36 Since t h i s  was i n  s a l t  form ( X C 1  1, danger f r o a  gaseous 
fumes was neg l ig ib le .  It  was decided t o  place enough 
r a d i o a c t i v i t y  i n  the  solut ion so t h a t  the  exchange sys tea  
w o ~ ~ l d  have a t  l e a s t  20,000 d i s in tegra t ions  per minute. 
l ~ e i l m a n n  end Voigt, loc. c i t .  
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Before t h i s  could be accoaplished i t  was necessary t o  de te r -  
mine how "hot1' the  source was. Ten lambda of the  a c t i v e  
K C 1  was placed on a planchet and evaporated t o  dryness under 
the  heat  lamp. The dr ied  s a l t  was then placed i n  the count- 
i n g  chamber of the  G e i g e r - d l l e r  counter f o r  a ten  minute 
counting period. Larger volumes of t he  source were a l s o  
counted t o  determine i f  self-absorpt ion was taking p lace  
i n  t h e  d r i ed  s a l t .  Table 111 below gives  the  r e s u l t s  
obtained from these  counts. 
TABLE 111 
DETERKINATION OF RADIOACTIVITY IN SOUTiCE 
Sample Recorded Act iv i ty  i n  
?olume T h e  Act iv i ty  Counts/Kinutes ProJec? t o  100 
The r e s u l t s  i n  co lum 4 of Table I11 ( the  a c t i v i t y  of 
the sample i n  counts per minute) were ? lo t t ed  aea in s t  the  
vnlumes i n  column 1. The r e s u l t i n g  Absorption Curve i s  
shown i n  Figure 2. The average of the  a c t i v i t y  a t  any 
given volume was used a s  the amount of a c t i v i t y  a t  t h a t  
volume. Since the p lo t  i s  a  s t r a i g h t  l i n e ,  i t  i s  con- 
cluded t h a t  self-absorption i s  not  taking place. I f  s e l f -  
absorpt ion were a  f ac to r ,  then the  a c t i v i t y  of t he  l a rge r  
samples would not  increase proport ionately with the  increase 
i n  volume. The graph would instead be a  l i n e  t h a t  would 
curve u n t i l  it was hor izonta l  t o  t he  volume ax i s  (x-axis).  
Since self-absorption i s  not taking place,  the  
sample a c t i v i t y  values were ~ r o j e c t e d  t o  a  100 lambda 
volume. These projected a c t i v i t i e s  l i s t ed  i n  co lum 5 of 
Table I11 were averaged t o  determine the  a c t i v i t y  i n  100 
lambda of the  source material .  This value of 26,070 counts 
n e r  minute  was the  one used a s  the  a c t i v i t y  of I C O  lambda. 
11. ISOTCPIC E X C W G E  EXPERI!+EhjT 
The next exgerirnent carr ied out was t o  determine i f  
t he re  i s  an exchance of chlorines between a 2R H C 1  so lut ion 
and K ReCl 2 6 ' I n  t h i s  experiment the react ion time was 
varied from sample t o  saqple. The length of times ranged 
frcm 30 minutes t o  2 weeks. Three sarnples were taken a t  
each i n t e r v a l ,  and the vethod of preparation and reac t ion  
was performed according t o  the emer inen t a l  procedure 
described i n  Chapter 111, pages 20 and 21. The r e s u l t s  
of these  determinations a re  given i n  Table IV, page 32. 
10 20 30 4-c 50 60 
Figure 2. Self-absorpt ion in rad ioac t ive  source. 
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TABLE IV 
DETW~IINAT I O I  OF CHLORINE EXCHANGE BETWEEN C1- AND ( ~ e C 1 ~  ) = 
IONS I N  A 2N HYDROCHLOl3IC ACID SOLUTION 
Sample Reaction Background Activity Activity i n  
Number Time Radiation Counted Precipitate 
Minutes 
1 30 38 c/m 150 c/m 112 c/m 
! 30 36 115 79 30 36 122 86 60 30 117 87 
5 60 30 13 1 101 
6 60 24 120 96 
7 120 24 109 85 
8 120 17 106 89 
9 120 16 114 98 
Weeks 
1 
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Column 3 i n  Table I V  i s  t h e  background r a d i a t i o n  
p r e s e n t  i n  t h e  labora tory ,  which was de tec ted  by t h e  
counter .  Although each s a r n ~ l e  was counted f o r  a t e n  minute 
i n t e r v a l ,  t h e  a c t i v i t y  i s  expressed i n  Column 4 a s  counts  
pe r  minute. The a c t i v i t y  I n ,  or adhering t o ,  t h e  p rec ip i -  
t a t e  l i s t e d  i n  t h e  f i f t h  column i s  obtained by taking t h e  
d i f f e r e n c e  between Column 4 and Column 3. 
The a c t i v i t i e s  i n  t h e  p r e c i p i t a t e s  from t h e  t h r e e  
samples a t  t h e  given time i n t e r v a l s  were averaged, and 
t h e s e  average a c t i v i t i e s  were p lo t t ed  aga ins t  t h e  time 
i n t e r v a l s  given i n  Column 2 ,  Table I V .  The r e s u l t i n g  
graph i s  shown i n  Figure 3. (Because t h e  range of the  
time u n i t s  i s  so g r e a t ,  t he  f i r s t  two time i n t e r v a l s  a r e  
n o t  p l o t t e d . )  
I n  an e f f o r t  t o  insu re  a n a l y t i c a l  accuracy, the  
p r e c i p i t a t e s  were weighed a f t e r  counting. These weights 
were compared t o  t h e  weights which a r e  t h e o r e t i c a l l y  
p o s s i b l e  t o  obta in  i n  p r e c i p i t a t i o n .  Table V g i v e s  t h e  
c o ~ p a r l s o n s  of weights and t h e o r e t i c a l  values  and the  
pe r  c e n t  of e r r o r  f o r  each saaple .  In  every case ,  t h e  
e r r o r  due t o  l o s s  of a a t e r i a l  i s  l e s s  than 7.2 per  cen t .  
These comparisons and percentages Ind ica te  t h a t  t h e  pro- 
cedure i s  a n a l y t i c a l l y  sound. 
Figure 3. Activity in the precipitate as a 
function of time. (Nitron-hexachlororhenate) 
TABLE V 
AKALYTICAL EVALUATION OF THE 
EXCHANGE EXPERIMENT 
Propor- Theory 
Sample t i o n a t e  Weight Weight Per Cent 
Number Weight Weight Eqected Losses Loss 
Since Table B shows t h a t  t h e  ~ r o c e d u r e  I n  t h e  
e x c h a n ~ e  exnerjment is analytically acceptable ,  and s i n c e  
t h e  o b j e c t  of t h i s  t h e s i s  is  t o  determine I f  a  c h l o r i n e  
exchange does t ake  nlace between H C 1  and K2ReC16, t h e  
a c t i v i t y  i n  t h e  p r e c i p i t a t e  must be explained. There a r e  
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t h r e e  p o s s i b l e  conclusions to be drawn from t h e  r e s u - l t s  
i n  Table  V. 
1. The p r e c i p i t a t e s  do con ta in  some r a d i o a c t i v i t y ,  
s o  it i s  poss ib l e  t h a t  t h e r e  has  been a slow 
exchange of ch lor ine  atoms between t h e  HC1 
and K2ReC16. 
2.  Figure 3 seems t o  i n d i c a t e  t h a t  t h e  amount of 
a c t i v i t y  i n  t h e  p r e c i p i t a t e  does n o t  i n c r e a s e  
wi th  time. This may be due t o  se l f - abso rp t ion  
i n  t h e  p r e c i p i t a t e ,  (and i n  a c t u a l i t y ,  t h e  
a c t i v i t y  i n  t h e  p r e c i p i t a t e  may be h igher  than  
measured). 
3 .  The r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e  may be due 
to mechanical contamination only,  and yay n o t  
have r e s u l t e d  from a chemical exchange r e a c t i o n .  
With t h e s e  t h r e e  poss ib l e  explanat ions  of t h e  r e s u l t s  of 
t h e  exchange r e a c t i o n  d a t a ,  f u r t h e r  experiments were per-  
formed i n  o rder  t o  de te rn ine  which, i f  any, were c o r r e c t .  
F i l t r a t e  a c t i v i t y .  A s  p a r t  of t h e  procedure of t h e  
exchange e x ~ e r i m e n t ,  descr ibed on page 22 i n  Chapter 111, 
eve ry  sample p r e c i p i t a t e  was f i l t e r e d  from s o l u t i o n  and 
washed w i t h  10 p e r  cen t  HC1 and d i e t h y l  e t h e r .  The 
f i l t r a t e  and washings from t h e  saap les  were c o l l e c t e d  i n  
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a volumetr ic  f l a s k .  
Every sample exchange system o r i g i n a l l y  contained 
100 lambda, o r  26,070 c/m, of r ad ioac t ive  ch lo r ine ;  s o  
t h e o r e t i c a l l y ,  t h e  a c t i v i t y  i n  t h e  p r e c i p i t a t e  and t h e  
a c t i v i t y  i n  t h e  f i l t r a t e  and washings should con ta in  the 
same t o t a l  amount. Therefore,  t h e  f i l t r a t e  and washings 
were t h e n  checked f o r  r a d i o a c t i v i t y .  This was done by 
f i r s t  n e u t r a l i z i n g  the  so lu t ion  with sodium bicarbonate ,  
and t h e n  adding enough d i s t i l l e d  water t o  br ing  t h e  volume 
t o  10 m i l l i l i t e r s .  Next, a 100 lambda a l i q u o t  was taken 
from t h e  s o l u t i o n  and d r i e d  on a planchet  under a h e a t  
lamp. The d r i e d  s a l t  was then counted f o r  a t e n  minute 
period. The results of the  counting a r e  given i n  Tables 
V I  and VII. 
In  Table ?I, t h e  a c t i v i t i e s  of t h e  100 lambda 
s a m ~ l e s  of s o l u t i o n  are given i n  the  second c o l u m  a s  
one minute counts .  The a c t u a l  a c t i v i t i e s  i n  t h e  100 
l m b d a  samples (c/m - E.C.) a r e  given i n  Colum 4. Since 
1@0 lanbda i s  equiva len t  t o  one-tenth of a m i l l i l i t e r ,  t h e  
a c t i v i t y  i n  t h a t  volume i s  only one- one hundredth (1/1CC) 
of the t o t a l  a c t i v i t y  i n  t he  t e n  m i l l i l i t e r s  of f i l t r a t e  
and washing. The values  i n  Column 4 a r e  mul t ip l i ed  by 100 
t o  o b t a l n  t h e  t o t a l  a c t i v i t y  i n  t h e  s o l u t i o n  given i n  
Column 5. These values  ranged from 23,100 t o  2 5 , ~ 0  
counts .  
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TABLE VI 
DETERLv:INAT IOII OF THE ACTIVITY REUINING 
I N  THE SOLUTION 
Ac t iv i ty  
Sample Radiation Background Activi? i n  100 S t i l l  i n  
Eurnber Counted Radiation sample Solut ion 
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TABLE VII 
ACTIVITY AT THE END OF THE EXCHANGE REACTION 
Activ i ty  i n  Total  Exchange 
Sample Solut ion and Ac t iv i ty  i n  Ac t iv i ty  a t  the 
Number Washings P rec ip i t a t e  Experiment's End 
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Table VII shows t h e  t a b u l a t i o n  of r a d i o a c t i v i t y  
a t  t h e  end of t h e  exchange r e a c t i o n .  Column 2 i s  a 
r ep roduc t ion  of t h e  a c t i v i t y  i n  t h e  f i l t r a t e  s o l u t i o n ,  
whi le  Column 3 1s t h e  a c t i v i t y  i n  t h e  p r e c i p i t a t e s .  
These two columns a r e  added t o  obta in  the  t o t a l  r ad ia -  
t i o n  a t  t h e  completion of the  r e a c t i o n .  Sample 9 has  
t h e  s m a l l e s t  t o t a l  and t h e r e f o r e  t h e  l a r g e s t  e r r o r .  
S ince  only  23,198 c/m a r e  accounted f o r  i n  t h i s  sample, 
t h e r e  a r e  2872 c/m which a r e  no t  accounted f o r .  This 
i s  an 11.6 per cen t  l o s s .  A l l  t he  a c t i v i t y  of the  remain- 
ing  twenty-three samples, however, were accounted f o r  
w i t h i n  10 pe r  cent .  
One explana t ion  of t h i s  loss i s  t h a t  t h e r e  nay be 
s e l f - a b s o r p t i o n  i n  counting t h e  dr ied  f i l t r a t e  s a l t .  In 
o rde r  t o  determine i f  t h i s  was t h e  case ,  another  s h o r t  
exneriment had t o  be c a r r i e d  out  before any f i n a l  conclu- 
s i o n s  could be d r a m  from the d a t a  i n  Table V I I .  
The f i l t r a t e  from sanple  1 was used,  and a nuaber 
I 
of d i f f e r e n t  a l i q u o t s  were taken and d r i ed  on a planchet .  I 
The d r i e d  s a l t s  f r o n  t h e  a l i q u o t s  were counted and t h e  
r e s u l t s  of t h e s e  counts a r e  shown i n  Table V I I I .  Another 
s e l f - a b s o r p t i o n  curve was constructed by p l o t t i n g  t h e  
volume of t h e  a l i q u o t s  aga ins t  t h e  a c t i v i t y .  This  curve 
i s  given i n  F ieu re  4. 
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TABLE V I I I  
SELF-ABSOEiPTIOK DATA FOR FILTRATE SOLUTION 
Sample A c t i v i t y  Background Sample 
Volume Counted Radiat ion A c t i v i t y  
10 60 c/m 30 c/m 
30 30 c/m 92 30 62 
50 120 30 90 
70 150 30 120 
100 192 30 162 
120 225 30 
150 
195 
273 30 243 
The graph i n  F igure  4 i s  a s t r a i g h t  l i n e ,  s o  i t  can 
be concluded t h a t  s e l f - abso rp t ion  i s  not  a f a c t o r  i n  deter-  
mining t h e  a c t i v i t y  i n  t h e  f i l t r a t e  and washings so lu t ion .  
Since se l f - abso rp t ion  i s  n o t  taking p lace  i n  t h e  
s o l u t i o n s ,  then  t h e r e  are two poss ib l e  reasons why t h e  
t o t a l  a c t i v i t y  a t  t h e  conplet ion of t h e  exchange r e a c t i o n  
(no te  l a s t  column of Table VII) is  a s  m c h  as  30CO counts 
l e s s  than  t h e  beginninp a c t i v i t y :  
1. A r a t h e r  larqe  a ~ o u n t  of se l f -absorp t ion  i s  tak ing  
  lace i n  t h e  p r e c i p i t a t e s ,  o r  
2 .  The a c t i v i t y  was l o s t  i n  t h e  aechanica l  manipula- 
t i o n s  of t h e  procedure. 
With t h e s e  two p o s s i b l e  explana t ions  i n  a i n d ,  f u r t h e r  
e x ~ e r l m e n t s  were performed t o  determine which, if e i t h e r ,  
of t h e s e  exp lana t ions  i s  c o r r e c t .  
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Pe r rhena te  a c t i v i t y .  I n  t h i s  phase of experirnenta- 
t i o n ,  potass ium per rhena te  (K"e04) was c a r r i e d  through t h e  
same procedure  t h a t  t h e  K2ReC16 was i n  t h e  exchange reac-  
t i o n .  It i s  known t h a t  t h e  oxygens i n  KFte04 w i l l  n o t  be 
s u b s t i t u t e d  by c h l o r i n e s  i f  placed i n  an H C 1  so lu t ion .  Th i s  
being t r u e ,  then ,  a f t e r  t h e  per rhena te  i s  p r e c i p i t a t e d  from 
s o l u t i o n  by n i t r o n ,  a l l  t h e  r a d i o a c t i v i t y  should remain i n  
. the  f i l t r a t e  and washings, and none but adhering contamina- 
t i o n  should be i n  t h e  p r e c i p i t a t e .  Table I X  g i v e s  t h e  
r e s u l t s  of t h i s  t r i a l .  I t  can be noted t h a t  a t  l e a s t  74 c/m 
of a c t i v i t y  remained i n  t h e  p r e c i p i t a t e ,  even though no 
exchange i s  p o s s i b l e  i n  t h i s  system. 
TABLE IX 
LOCATION OF W I O A C T I V I T Y  AFTER PEP,RHFNATE 
PRFCIPITATPD FROM SOLUTION 
Saqple  A c t i v i t y  i n  A c t i v i t y  i n  To ta l  A c t i v i t y  
Weight P r e c i p i t a t e  F i l t r a t e  Accounted f o r  
With t h e  r e s u l t s  i n  Table I X  coupled with  t h e  d a t a  
from p rev ious  t a b l e s ,  t h e  v a l i d i t y  of some of t h e  p o s s i b l e  
Conclusions t o  be drawn from t h e  exchange r e a c t i o n  can now 
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be much more e a s i l y  determined. 
1. The a c t i v i t y  found i n  t h e  perrhenate  p r e c i p i t a t e  
in Table IX must be contamination s i n c e  no 
exchange i s  poss ib le .  The amount of t h i s  con- 
tamina t ion  i s  only s l i g h t l y  l e s s  than  t h e  a c t i v i t y  
observed I n  t h e  hexachlororhenate p r e c i p i t a t e  i n  
Table  IV. This  suggests  t h a t  t h e  ma jo r i ty  of t h e  
a c t i v i t y  i n  t h e  hexachlororhenate p r e c i p i t a t e  i s  
l i k e w i s e  due t o  contamination.  This i s  made even 
more ev iden t  by F igure  3 which shows t h a t  t h e  
amount of a c t i v i t y  i s  no t  a func t ion  of r e a c t i n g  
t ime. These comparisons i n d i c a t e  t h a t  no c h l o r i n e  
e x c h a n ~ e  has  taken p lace  between t h e  HC1 s o l u t i o n  
and t h e  K FeCl 2 6' 
2.  The f a c t  t h a t  t h e  a c t i v i t y  found i n  t h e  per rhena te  
i s  on ly  s l i g h t l y  l e s s  than t h a t  i n  t h e  hexachloro- 
r h e n a t e  p r e c i p i t a t e  a l s o  i n d i c a t e s  t h a t  self-  
abso rp t ion  Is  no t  t ak ing  p lace  i n  the  hexachloro- 
r h e n a t e  p r e c i p i t a t e .  This  a l s o  means no c h l o r i n e  
exchange has  taken place.  
3. From Table IX, t h e  amount of a c t i v i t y  observed i n  
t h e  f i l t r a t e  and washings i s  a l s o  wi th in  t h e  
ranee of t h e  a c t i v i t y  found i n  the f i l t r a t e  and 
washing s of t h e  hexachlororhenate samnles i n  
Table T~II. Since se l f -absorp t ion  IS no t  a f a c t o r  
i n  t h e  p r e c i p i t a t e  or  f i l t r a t e  s o l u t i o n s  i n  
e i t h e r  case ,  t h i s  seems t o  i n d i c a t e  t h a t  out  
of t h e  26,070 ~O'Unts, t h e  3000 f o r  which t h e r e  
i s  no account a t  completion were l o s t  i n  t h e  
mechanics of t h e  procedure. This then l e a d s  
t o  t h e  conclusion t h a t  a l l  of t h e  r a d i a t i o n  
n o t  l o s t  i n  r o u t e  i s  i n  t h e  f i l t r a t e .  F u r t h e r ,  
t h i s  means again t h a t  no ch lor ine  exchange could 
have t aken  place between H C 1  and IC ReCl 2 6' 
With t h e  above t h r e e  comparisons of da t a  a s  ind i -  
c a t o r s  t h a t  (1) no se l f - abso rp t ion  took place i n  t h e  n i t r o n  
hexachlororhenate  p r e c i p i t a t e ,  (2)  no se l f -absorp t ion  took 
p lace  i n  t h e  c o u n t l n ~  of t h e  f i l t r a t e  a c t i v i t y ,  (3)  t h a t  
sone a c t i v i t y  was l o s t  i n  t h e  mechanical aan ipu la t ions  of 
t h e  procedure ,  and (4) t h a t  t he  a c t i v i t y  i n  t h e  n i t ron -  
hexachlororhenate  was contamination,  only one conclusion 
seems t o  be eviC!ent, and t h a t  i s :  when a o t a s s i u ~  hexa- 
ch lo ro rhena te  i s  d isso lved  i n  a  hydrochlor ic  acid s o l u t i o n ,  
no exchance of c h l o r i n e s  t akes  ? l ace  between the  two- 
CHAPTrn V 
SL'PMRY AND DISCUSSION 
A study was made t o  determine i f  a chlorine exchange 
occurs when fC R e C l  i s  placed i n  an H C 1  solut ion.  I t  was 2 6 
f u r t h e r  nr0~0Sed t o  deternine the  r a t e  of the  exchange, i f  
one d i d  occur,  and t o  suggest some p o s s i b i l i t i e s  a s  t o  t he  
mechanism of t h e  exchange. 
Experiments t o  f ind a su i t ab l e  p rec ip i t an t  and t o  
determine t he  a c t i v i t y  of the chlorine-36 source had t o  
be performed p r i o r  t o  the  main experiment. Finding the  
p r e c i p i t a n t  proved t o  be t he  more d i f f i c u l t  task.  Only 
one solvent  ex t r ac t i on  method was used on 7 ReCl 
*'2 6' Since 
t he r e  were severa l  reagents  known t o  p r ec ip i t a t e  other  than 
rhen lur  c o ~ r o u n d s ,  these were t r i ed  on the hexachlororhenate. 
As it turned ou t ,  the  f i r s t  one a t tenpted ,  n i t r on ,  proved t o  
be auan t i t a t i ve l ? -  acceptable.  
I n  determinire  the  a c t i v i t y  of the  source, the  possi-  
b i l i t y  of se l f -absorpt ion  had t o  be checked. Th i s  was done 
by t a k l n ~  l a rge r  and l a rger  volumes of the source and rneasur- 
ing t h e i r  a c t i v i t i e s .  Since a c t i v i t y  did increase proportior.- 
~ t e l y  with the  volume increase,  self-absorpt ion was 
e l i m i n ~ t e d  as a f ac to r .  The a c t i v i t y  of the source was 
26,070 counts per minute f o r  a 100 lambda volume. 
I 
C .  
I I 
Data for t h e  main-body experiment were co l l ec ted  
a t  d i f f e r i n g  time i n t e r v a l s .  These varied from t h i r t y  
minutes t o  two weeks i n  length.  Several  th ings  made i n t e r -  
 ret tat ion of t h e  d a t a  d i f f i c u l t  a t  f i r s t .  Radiation was 
de tec ted  i n  t h e  nitron-hexachlororhenate p r e c i p i t a t e ,  and 
even a l a r g e r  amount was missing  fro^ the f i l t r a t e .  Of 
t h e  t o t a l  r a d i a t i o n  o r i g i n a l l y  i n  the  system (26,070 c/m), 
a s  much a s  3000 c/m were unaccountable a t  t h e  conclusion of 
t h e  experimental  saaples .  Also, a s  m c h  a s  112 c/m were 
de tec ted  i n  t h e  p r e c i p i t a t e .  Fur ther  experiments had t o  be 
performed t o  determine the  s ign i f i cance  of t h e  exchange d a t a .  
Samnles of potassium perrhenate  (We04) were ca r r i ed  
through t h e  same procedure used f o r  K ReCl 2 6' I t  i s  a known 
f a c t  t h a t  t h e  c h l o r i n e  i n  t h e  BC1 will not  s u b s t i t u t e  t h e  
oxyEens i n  t h e  pe r rhena te ,  and thus ,  a l l  t he  a c t i v i t y  
o r i g i n a l l y  placed i n  t h e  sys tea  should be i n  the  f i l t r a t e  
a t  t h e  coaple t lon .  A check of t h e  ni t ron-perrhenate  
p r e c i p i t a t e  showed it t o  contain only s l i g h t l y  l e s s  
r a d i a t i o n  than t h e  n i t ron-hexach lororhena te  p r e c i p i t a t e .  
This  ind ica ted  mechanical contaninat ion i n  both cases.  
A t e s t  run on t h e  perrhenate f i l t r a t e  s o l u t i o n  
showed t h e  same a ~ o u n t  of a c t i v i t y  present  a s  i n  t h e  hexa- 
ch lo ro rhena te  f i l t r a t e .  A se l f -absorp t ion  c w v e  was ~ a ? e  
f o r  both s e t s  of f i l t r a t e s .  Arain, s e l f - a b s o r ~ t i o n  was no t  
o c c u r r i n ~ .  
48 
The d a t a  from these  supporting experiments i n d i c a t e  
t h a t  i n  t h e  main exchange exper iaent  (1) the  a c t i v i t y  i n  
t h e  p r e c i p i t a t e  i s  mechanical c o n t a a i n a t i m ,  (2 )  t h a t  t h e  
a c t i v i t y  f o r  which t h e r e  i s  no account a t  conplet ion was 
l o s t  i n  t h e  manipulat ions  of t h e  procedure. 
From t h e s e  d a t a  then ,  It was concluded t h a t  a  ch lo r ine  
exchange does  n o t  t a k e  place i n  an HC1 - K ReCl system, and 2 6 
t h e r e f o r e ,  t h e  de te rmina t ion  of a  r a t e  and mechanism of 
exchange was rendered unnecessary. 
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